In this paper new promoted Fe-NaY catalysts were prepared for ammonia selective catalytic reduction of NO. The prepared catalysts were characterized using X-ray diffraction (XRD), N2 adsorption-desorption, Furrier transform infrared (FTIR) and UV-Vis diffuse reflectance spectra (UV-Vis DRS) techniques. The catalytic results revealed that among the investigated promoters (Li, Na, K, Cs, Mg, Ca, Sr, Ba, Sm, La and Ce), the K, Ba and Ca promoted Fe/NaY catalyst showed higher activity. The apparent activation energies for these catalysts are close together and change in a limited range (14.3 kJ/mol for Mg/Fe/NaY to 38 kJ/mol for Ca/Fe/NaY) because main metal ion (Fe) is fixed in all of these catalysts. The results revealed that decreasing in band gap energy in absorption edge and increasing in total acidity in the Ca/Fe/NaY, Ba/Fe/NaY and K/Fe/NaY improve the catalyst performance. In presence cerium and samarium metal ions band gap energy increased. The NO conversion on the Na/Fe/NaY, Ca/Fe/NaY and K/Fe/NaY catalysts is more than 80%.
INTRODUCTION 1
Almost half of all anthropogenic NO x emissions come from stationary sources, mainly combustion of fuels in power stations and industrial boilers while the remainder comes from mobile sources, mainly internal combustion engines [1] . In selective catalytic reduction for NO x control, ammonia reacts with nitric oxide and nitrogen dioxide. The general reaction is as follows [2] : 4NO (1) Commercially available catalysts are based on Cu/HZSM-5 and V 2 O 5 /TiO 2 , because these catalysts exhibit high conversions and good stability in the partially low temperature. There has been much interest in developing stable SCR catalysts in wide range temperature without toxic material such as vanadium. Many catalysts have been reported to be active for this reaction, such as transition metal oxides (e.g. Cr 2 O 3 -V 2 O 5 [3] , CuO [4] , MnO x [5] , MnO x -Fe 2 O 3 [6] , Fe 2 O 3 [7] , etc.), pillared clays and zeolites. Among these catalysts, Fe/ZSM-5 catalyst showed higher catalytic activities for the selective catalytic reduction (SCR) of NO by ammonia as compared to other known catalysts [7] . The mechanism of the reaction on the W/TiO 2 [8] , vanadia/ activated semi-coke [9, 10] , Cu/Bea [11] , Mn/CeO x [12] and Fe/ZSM-5 [13] catalysts have been reported.
In recent years, many studies have done on Fe/ZSM-5 catalysts for the ammonia selective catalytic reduction of NO reaction and this catalyst is consumed in industry now [13] . Although Fe/ZSM-5 catalysts showed high activity, but synthesis the NaY zeolites are cheaper than ZSM-5. Also, the NaY synthesis is free of toxic template. Therefore, we concentrate on NaY support. In this study the effect of different promoters (Li, Na, K, Cs, Mg, Ca, Sr and Ba) was investigated on the structural and catalytic properties of the Fe/NaY catalysts in NO removal reaction. Alkali or alkali earth metal ions are necessary for zeolite synthesis and in this research; we found that calcium, potassium, barium and sodium ions are better than the other metal ions in these groups for NO removal catalysts.
MATERIALS AND METHODS

Materials
The starting materials were Fe (NO 3 ) 3 ·9H 2 O and alkali or alkali earth nitrates as iron and promoter precursors, respectively. NaY zeolite was also used as the support of the catalyst. All reagents were used as received without further purification or additional treatment.
Catalyst preparation
Promoted Fe/ NaY catalysts with M/ Fe = 3.61 molar ratios were prepared using the impregnation method. The Si/ Al ratio in the NaY zeolite is 2.5. 18.33 g of NaY zeolite was added to an aqueous solution of a mixture of 26 mmol of alkali metal tantine and 7.2 mmol of iron nitrate. The reaction mixture was stirred at ambient temperature for 3h. The solid mass was filtered, dried at 100 °C for 8 h and calcined at 480°C for 3 h in air atmosphere with the heating rate of 3 °C/min.
Characterization
The specific surface area was evaluated by the BET method using N 2 adsorption at -196 °C using an automated gas adsorption analyzer (NOVA 2200, Quantachrome). The Barrett, Joyner and Halenda (BJH) method was used to determine the pore size distribution from the desorption branch of the isotherm and external areas was determined using the t-plot method. In addition, the theoretical particle sizes (assuming the crystals are cubic) were calculated using the external surface area calculated from the BET method according to the equation 2 where S ext is the external surface area and D BET is the theoretical particle size [14] :
The crystalline structure of the prepared catalysts was determined by X-ray powder diffraction (XRD) using X-ray diffractometer (Philips diffractometer). The crystallite size of the catalysts was determined by the Debye-Scherrer equation (Eq. 3), where τ is the crystallite size, λ is the wavelength of the X-ray radiation (Cu Kά= 0.1542 nm), k is the shape factor (k = 0.94), β is the line width at half maximum height and θ is the angular position of the peak maximum [14] .
The Si/Al ratio can be calculated by using equation 4. [15] ].
UV-Vis diffuse reflectance spectra (UV-Vis DRS) were recorded in air at room temperature over a range of wavelengths from 190 to 800 nm using a Shimadzu UV/VIS spectrometer. DRIFT spectra were performed in a Bruker vertex 80 FTIR instruments.
Catalytic reaction
The ammonia selective catalytic reduction of NO reaction tests was performed on a stainless steel tubular fixed bed flow reactor using 4 g catalyst. The thermocouple was inserted in the bottom of the catalyst bed to measure the reaction temperature. A gaseous mixture of 300 ppm NO, 210 ppm NH 3 , 2.8% O 2 and balance N 2 were supplied to the catalyst bed and space velocity was 10000 h Where is the reaction rate ((mmole/ (g cat .h)), W c catalyst weight (g), V 0 normal flow rate of the feed (Nml/h) and is a concentration of consuming nitrogen oxide in the reactor. The catalytic activity was based on the calculated NO x (NO + NO 2 ) conversion using the following formula:
NOx conversion = (inlet NOx (ppm) − outlet NOx (ppm) ×100) /inlet NOx (ppm) (6) 
RESULT AND DISCUSSION
The textural results from nitrogen adsorption/desorption of the prepared catalysts are reported in Table 1 . In Figure. 1, the experimental isotherms follow type I isotherm where the shape of the initial part of isotherms are rather like type I but as they reach saturation, the adsorption quickly raises to a higher value (Type II). This shows a shift of micro-pore-size distribution with formation of larger micro-pores progressively filled at higher pressure. A slope at the end of the isotherms signifies the presence of meso-porous or external surface area and textural results in Table 1 confirms it. As the results, the volume of the adsorbed phase is almost limited by the volume of the micro-porosity at which the adsorption took place. Similar patterns almost appeared for nitrogen adsorption isotherm of these catalysts.
The results indicate that the isotherms almost overlap with small hysteresis, illustrating that the zeolite samples possess open and uniform micro porous system. All samples (expect Cs/Fe/NaY sample) have micropores by a maximum of 4 Å and meso-pores with pore diameter between 22 to 60 Å. The micro-pores can be assigned to the channels and cavities in the zeolite crystals (4-8 Å), whereas the meso-pores loaded in metal oxide. The addition of promoters except of cesium ion did not have a significant effect on the pore size distribution of the Fe/NaY catalyst. In Li/ Fe/ NaY, NaY, Ba/Fe/NaY and Na/ Fe/ NaY, it was found that surface area and micro pore volume decreased after reaction test; therefore, sintering occurred in these catalysts. Surface area of K/ Fe/ NaY and Cs/ Fe/ NaY catalysts increased after the reaction. Increasing in surface area can be attributed to removing Al atom from the frameworks, and collapsing the structure [16] . In the K/Fe/NaY catalyst some Al metal ions were replaced by Fe metal ions and the unit cell dimension of NaY decreased. Almost all of the catalysts showed shrinkage after reaction and surface area decreased. The differences in surface area are due to the complexity of accessing the surface area; therefore, pore blocking after impregnating promoters leads to low amount of nitrogen adsorbed on the catalyst.
Figure 1
The experimental isotherm of nitrogen adsorption/desorption Figure 2 shows the FTIR spectra of the fresh synthetic catalysts. The structure internal tetrahedral bending and the double ring external linkage bands were appearing between 450 to 471 cm -1 and 542 to 550 cm -1 , respectively. Similar to the literature, the later mention vibration mode in the initial NaY was shown at 560 cm -1 [16] . A direct correlation between the change of the wave number in the region between 400 to 500 cm -1 and ionic radii of cations (expect Li + and Mg 2+ ions) has been found. It is confirmed by the other research [17] . Therefore, there is probably the simple electrostatic interaction between these cations and the oxygen from the framework. The shoulder at 420 to 447 cm -1 was attributed to opening pore of external linkage in some of these catalysts. The band intensity change could possibly be due to the interaction of hydrated cation with oxygen ring. Fe 3+ ion is most likely to be substituted at T within TO 4 were assigned to terminal silanol groups and bending vibration water in the zeolite. The absorption bands at around 3650 cm -1 and 3450 cm -1 were associated with hydroxyl groups attached to alkali, alkali earth or rare earth ion metals and extra framework alumina (EFAL) species, respectively. The mention band is absent in the Fe/NaY catalyst and a broad band appears between 3000 to 3800 cm -1 . The higher catalytic activity of alkali earth metal cation exchanged Y zeolite was caused by the higher electrostatic potential of polyvalent cation and acidity of the catalysts.
By impregnation and heat treatment, the cation of metal salts not only can migrate to cages and channels in zeolite, but also react with T-OH (T = Si, Al) groups [18] . The alkali metal ions are possibly located in cages, channel or interstitial positions of the zeolite lattice and plays charge balance role. The H + from hydrolysis of H 2 O probably attack to Al-O bond in the framework and breaks some of them when zeolite is promoted by nitrate solution [19] [20] [21] . Si from parent zeolite can convert to SiO 2 and Si/Al ratio of framework change. The FTIR spectra of Fe 2 O 3 show Fe-O vibration mode in the range 400-750 cm -1 and have overlap by vibration modes in the zeolite support [18] .
The acidic properties of M/Fe/ NaY catalysts vary in the total number of acid sites and in the strength and nature (Brønsted or Lewis) of the acid sites. Figure 3 shows NH 3 -TPD profiles of fresh catalysts in the temperature range 100-900 °C. As expected, modification of Fe/ NaY zeolite by promoters influenced acid-base properties of catalyst's surface. Table  2 .
Amount of weak and strong acid sites for alkali promoted catalysts decreases in the order: Cs < Li < K< Na and Cs < Li < Na < K, respectively. The alkali earth promoted samples has shown a low temperature desorption peak between 150 to 170°C with some high temperature peaks between 400 to 600°C. In Ca/Fe/NaY ), total acidity increases when the charge to radius ratio of them increases. The presence of promoters changes the electrostatic field within the zeolite cavities and influence the amount of NH 3 adsorbed on surface zeolite. As the sodium cations are not fully exchanged in NaY zeolite, the presence of different cations creates a different localized electrostatic field within the zeolite pores. Hence, the difference in the adsorption characteristics would be due to the interaction between the adsorbents and different metal cations.
Although ammonia TPD profiles cannot distinguish between types of acidity, the lower temperature peak can be ascribed to ammonia desorbed from weak Lewis acid sites and the high temperature peak could be assigned to ammonia desorption from stronger Brønsted acid sites. The number of acid sites in high temperature is equal to Al in the framework, but the results are not coherent with XRD results because Si/Al ratio in XRD was calculated based on NaY zeolite phase, whilst at least two zeolite phases were distinguished in these samples. These results imply that K/ Fe/ NaY and Ba/ Fe/ NaY catalysts have more efficient acid sites for NH 3 adsorption than the other catalysts and we expected good performance in the NO removal reaction for them. However the small ionic radius and the large ionic charge in Mg 2+ and Li + can increase the effective action area between the cation and NH 3 , which is positively related to the strength of their interaction. In contrast with them, Cs + and Ba 2+ ions with the largest radii in their group exhibited the higher strength of adsorption NH 3 than the upper ions in their groups in high temperature, because they located in the zeolite framework and cannot penetrate in the cages. Ammonia adsorption is the first step of NO removal mechanism; therefore, the total amount of the adsorbed NH 3 is an effective parameter in the reaction. By respect to the results in table 2, Na/Fe/NaY, K/Fe/NaY and Ca/Fe/NaY catalysts probably show good performance in comprise to the other catalysts.
In DRS-UV-Vis spectra in Figure. 4 , the absorption bands of the iron loaded NaY zeolite showed four absorption maxima at 212, 262, 356 and 495 nm. The bands below 254 nm are usually attributed to oxo-Fe (III) charge transfer (LMCT) of small Fe x O y clusters and exhibited strong absorption in these spectra. These transitions are responsible for a redox cycle in SCR reaction on the surface of the catalyst. The higher energy charge transfer shows that the system requires more energy for NO activation, so the conversion rate will be reduced in low temperature. The absorption edge in the region from 400 to 600 nm can be assigned to the 6 A 1 → 4 T 2 (4G) ligand field transition of high spin Fe 3+ ion in tetrahedral structure. The mention bands corresponding to d-d transition and the band gap values in adsorption edge for M/ Fe/ NaY catalysts (M = alkali or alkali earth metal ions) were lower than that of bulk iron (III) oxide α-Fe 2 O 3 (2.1 eV expect in Ce/ Fe/NaY) and higher than Fe/ NaY (1.8 eV) in this experimental and correspond to the literature [22, 23] . The adsorbed NH 3 be activated by Fe 3+ ion and the mention promoters promotes NO adsorption in the octahedral sites. By decreasing band gap energy, it is predicted that the NO removal increase. Therefore, M/ Fe/ NaY ( M=Na, K, Ca and Ba) catalysts with a lower band gap in every group energy have fit properties for NO removal reaction. Two absorptions in 356 and 495 nm can be assigned to the bulk Fe 2 O 3 sample and confirmed by XRD patterns [23] [24] [25] . The bands corresponding to d-d transition, which are extremely small, could not observe at around 529 to 580 nm. Also a characteristic sub-band scattering tail near 600-750 nm in some catalysts was appeared. The scattering intensity of this tail was known to increase with particle size.
The XRD results of the M/Fe/NaY samples are indicated in table 3. Two main phases were distinguished in all of them which were ZSM-5 orthorhombic structure and NaY cubic structures reported in the other literature. The alkali cations are obligatory to balance the negative charge resulting from trivalent aluminum being arranged into tetravalent configuration. These cations are not covalently bonded to the framework of zeolite and can be easily replaced with other cations without changing the zeolite structure, but in this practical research, it was observed the crystalline phase altered after impregnation iron-, alkali-, alkali earth and rare earth nitrate, therefore; the iron nitrate, low pH (3 to 4) and low stability of NaY zeolite are probably responsible for these collapse in the structure. This loss in crystallinity was confirmed by a reducing in the micro-pore and total surface area in nitrogen physisorption experiments and a shift in the symmetric strength bonds to higher wave number in FTIR spectra. As confirm our results, the higher a 0 (lattice parameter) value is parallel to the lower Si/Al ratio in NaY zeolite. Decreasing in the crystallinity and altering in XRD phase of these catalysts in comparing to zeolite parent implies the crystal structure became faulty with leaching of Al to extra framework and Si or Fe fill the skeleton vacancies of it. Reconstruction in framework confirms by observing new peak in the XRD pattern related to ZSM-5 zeolite. Trend of acid sites from XRD calculation has pretty good accommodation by NH 3 -TPD and FTIR results. We could not find a relationship between B or L acidity and NO removal, but total acidity is one of the effective parameters for NO removal. According to the other results, the OH groups attached to extra framework aluminum (EFAL) species and the bridging OH groups with Brønsted acidity in FTIR were appeared about 3655 , 3500 and 3630cm -1 , respectively [26] .
In Na/Fe/NaY, Fe/NaY and K/Fe/NaY catalysts, cell volume decreased and intensity of peaks in the XRD pattern increased, they were ascribed shirinkage in the zeolite structure.
Monomeric octahedral aqua hydroxo-complexes of iron are stable only at pH < 2 (according pourbaix curves). At higher pH values, these species tend to undergo polymerization and further precipitate via an olation and oxolation process. According to table 2, XRD analysis of Li/Fe/NaY and Na/Fe/NaY catalysts showed the crystalline size of 79 and 82 nm for Fe 2 O 3 , whereas in the K/Fe/NaY and Cs/Fe/NaY catalysts, iron contributed in mixed oxide or silicate structure. By considering SCR reaction results, Fe 3+ is the active sites in theses catalysts.
Strong evidence exists supporting the interaction of Fe 3+ with salicylic acid in dilute aqueous solution. According to the extracted results from XRD analysis, iron silicate phase distinguished in Cs/Fe/NaY catalyst. Therefore, it can be stated that the structure of these catalysts was not destroyed completely. When an iron ion did not replace the Al in the zeolite structure, the catalyst showed higher activity in K/Fe/NaY, Ca/Fe/NaY and Ba/Fe/NaY catalysts. Formation of extra framework Al species leads to stabilization of zeolite [27, 28] .
The activation energy of the reaction was measured by changing the reaction temperature in the temperature ranges between 200-400°C. The apparent activation energy (E a ) values were determined from the Arrhenius plots of the NO removal rate values and our results in comprise to the other author works showed good accuracy. The apparent activation energies for these catalysts are close together because main active species (Fe) are fixed in all of these catalysts [29] [30] [31] .
The catalytic performances of these catalysts at 350 °C and their apparent activation energies have been shown in Figure 5 The K/ Fe/NaY, Na/Fe/NaY, Ca/Fe/NaY and Ba/Fe/NaY catalysts revealed good performance of NO removal at 350 °C. Figure 4 shows the results of the tests of catalysts in fixed bed reactor.When the temperature was too low (< 250 °C), the reaction was slow down. Maximum performance for Fe catalysts was observed in the temperature range of 330 to 380 °C. Catalyst performance was constant and acceptable for M/Fe/NaY in the temperature range of 250-400 °C.
CONCLUSION
Promoted Fe 2 O 3 -NaY catalysts with different alkali-, alkali earth-and earth rare metal ions were prepared by impregnation method and employed in NO selective catalytic reduction reaction. The results showed the apparent activation energies for these catalysts are close together and change in a limited range between 14-38 kJ/mol and NO conversion of then change between 67 -89%. Alkali earth promoter showed better performance from alkali promoter in the same period of the periodic table. The Ca/Fe/NaY, Ba/Fe/NaY and K/Fe/NaY catalysts exhibited acceptable performance in the NO removal reaction. By decreasing in band gap energy in the absorption edge in the catalysts, by respect to promoter family, NO conversion increases. Additions of promoters have marked effect on the surface area of the catalyst; therefore, redox properties play main role in the performace of the catalysts. The results revealed that amount of acid sites and the band gap energy in this reaction controls performance of the catalyst.
